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FULL PAPER

Minimizing table time in patients with claustrophobia
using focused ferumoxytol-enhanced MR angiography
(f-FEMRA): a feasibility study

PUJA SHAHROUKI, MD, KIM-LIEN NGUYEN, MD, JOHN M. MORIARTY, MD, ADAM N. PLOTNIK, mMD,

TAKEGAWA YOSHIDA, MD and J. PAUL FINN, MD

Department of Radiological Sciences, David Geffen School of Medicine at UCLA and VA Greater Los Angeles Healthcare System, Los

Angeles, California, United States

Address correspondence to: J. Paul Finn
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Objectives: To assess the feasibility of a rapid, focused
ferumoxytol-enhanced MR angiography (f~FEMRA)
protocol in patients with claustrophobia.

Methods: In this retrospective study, 13 patients with
claustrophobia expressed reluctance to undergo
conventional MR angiography, but agreed to a trial of up
to 10 min in the scanner bore and underwent f~-FEMRA.
Thirteen matched control patients who underwent
gadolinium-enhanced MR angiography (GEMRA) were
identified for comparison of diagnostic image quality.
For -FEMRA, the time from localizer image acquisition
to completion of the angiographic acquisition was meas-
ured. Two radiologists independently scored images on
both --FEMRA and GEMRA for arterial and venous image
quality, motion artefact and diagnostic confidence using
a 5-point scale, five being best. Signal-to-noise ratio
(SNR) and contrast-to-noise ratio (CNR) in the aorta and
IVC were measured. The Wilcoxon rank-sum test, one-
way ANOVA with Tukey correction and two-tailed ¢ tests
were utilized for statistical analyses.

Results: All scans were diagnostic and assessed with
high confidence (scores > 4). Average scan time for

BACKGROUND

Claustrophobia of some degree is found in a sizeable
number of patients who are otherwise suitable candi-
dates for contrast-enhanced MR angiography (CEMRA)."
Conventional CEMRA protocols typically include pre-
contrast imaging and multiphase postcontrast sequences,
often with repeated contrast injections, such that examina-
tion times may exceed 30 min. Patients with claustrophobia,
therefore, may be unwilling or unable to tolerate the exam-
ination. Several solutions have been proposed in large-scale
studies to address these limitations including use of shorter,
wider bore magnets,"? open low-field systems,” sedation,*”

f-FEMRA was 6.27 min (range 3.56 to 10.12min), with no
significant difference between f~-FEMRA and GEMRA in
diagnostic confidence (4.86 £ 0.24 vs 4.69 + 0.25, p =
0.13), arterial image quality (4.62 + 0.57 vs 4.65 + 0.49, p
= 0.78) and motion artefact score (4.58 + 0.49 vs 4.58 +
0.28, p > 0.99). f~-FEMRA scored significantly better for
venous image quality than GEMRA (4.62 £ 0.42 vs 419 +
0.56, p = 0.04). CNR in the IVC was significantly higher
for steady-state ~-FEMRA than GEMRA regardless of the
enhancement phase (p < 0.05).

Conclusions: Comprehensive vascular MR imaging of
the thorax, abdomen and pelvis can be completed in as
little as 5min within the magnet bore using ~-FEMRA,
facilitating acceptance by patients with claustrophobia
and streamlining workflow.

Advances in knowledge: A focused approach to vascular
imaging with ferumoxytol can be performed in patients
with claustrophobia, limiting time in the magnet bore to
10 min or less, while acquiring fully diagnostic images of
the thorax, abdomen and pelvis.

positioning,® audio-visual aids"’ and psychological inter-
ventions.® To date, no consistent MR imaging approach has
been developed that is easily implemented in clinical prac-
tice without increasing procedure times or compromising
diagnostic image quality.

Whereas CEMRA has been widely used for more than two
decades, recent advances in CT angiography (CTA) have
highlighted the speed and simplicity of modern CTA when
compared to CEMRA. Beyond challenges in workflow, the
longer exam time associated with conventional MR tech-
niques serves to discourage patients with even modest
levels of claustrophobia. We have implemented a focused
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ferumoxytol-enhanced MRA (f~FEMRA) protocol in patients
with renal impairment, whereby targeted vascular imaging can
be completed in only a few minutes within the magnet bore.
The objectives of our study were 1) to assess the feasibility of f-
FEMRA for rapid, extended field-of-view vascular imaging, 2) to
evaluate whether -FEMRA can be used to elicit compliance in
patients with claustrophobia, and 3) to evaluate the diagnostic
quality of the resulting images.

METHODS

This was a retrospective HIPAA-compliant and IRB-approved
study where the study population provided written informed
consent and the requirement for informed consent was waived
in a control cohort of 13 age- and gender-matched patients who
had previously undergone CEMRA with a gadolinium-based
contrast agent (GBCA).

Patient population

We implemented an abbreviated, focused, ferumoxytol-enhanced
MR angiography (fFEMRA) protocol in 13 consecutive patients
who were referred for FEMRA due to chronic kidney disease (n
= 12) or hereditary haemorrhagic telangiectasia with anaemia (n
= 1). All 13 patients were reluctant to undergo a conventional
MR examination due to claustrophobia, but agreed to a trial of
up to 10 min in the scanner bore.

An age- and gender-matched control cohort of 13 patients
without chronic kidney disease was identified who underwent
a successful CEMRA examination with a GBCA for identical
indications as the study group. The imaging indications in both
groups were central venous mapping (n = 7), aortic aneurysm (n
= 2), central arterial occlusion/stenosis (1 = 2), aortic stenosis (n
= 1) or hereditary haemorrhagic telangiectasia (n = 1).

Image acquisition

For the -FEMRA studies, no pre-contrast imaging was performed
and ferumoxytol was infused outside the scanner bore at a rate
of 0.5mg/kg/min, to a total dose of 4mg/kg. Heart rate, blood
pressure and pulse oximetry were monitored continuously prior
to, during and for up to 30 min following ferumoxytol infusion.
Patients were positioned on the MRI scanner table and fitted
with two body array coils, spanning the chest, abdomen and
pelvis. They were then advanced into the scanner bore.

Automated scanner tuning and coil adjustment preceded localizer
image acquisition. Patient-specific shimming was not performed
and the default shim settings were used to minimize adjust-
ment time. Following localizer sequences, breath-held, high-
resolution 3-D FEMRA was carried out in one (n = 1) or two (n
=12) overlapping stations on a 3.0T MR system (Magnetom TIM
Trio (n = 8), Magnetom Prisma Fit (n = 3) or Magnetom Skyra
(n = 2); Siemens Medical Solutions, Malvern PA). Acquisition
time for each station was 16-20 sec and typical voxel dimensions
were 1x1.2mm xx 1.3 mm. The tune up time was less than 1 min
and the scan time was measured from the beginning of local-
izer image acquisition to the end of the ultimate CEMRA. Parti-
tion (source) images from overlapping stations were composed
inline into a set of extended field of view (e-FOV) images using

proprietary vendor software (Image Compose, Siemens), after
the patients had left the MRI suite. Anatomic coverage for the
FEMRA images was from the neck to the pelvis in 12 patients
(e-FOV in two overlapping stations) or chest to abdomen in one
patient (500 mm FOV in a single station).

The control cohort received gadobenate dimeglumine (Multi-
Hance, Bracco, Princeton, NJ) (9-30ml at 0.15 mmol/kg, n = 13)
with a timed-bolus protocol on a 3.0T MR system (Magnetom
TIM Trio (n = 7), Magnetom Prisma Fit (n = 3) or Magnetom
Skyra (n = 3); Siemens Medical Solutions, Malvern PA) as previ-
ously described in detail.” Anatomic coverage for the gadolinium-
enhanced MRA (GEMRA) comprised chest to pelvis in two
patients (e-FOV in two overlapping stations), chest to abdomen
in eight patients (single station) and abdomen to pelvis in three
patients (single station). Eleven patients in the control group
were not claustrophobic and two patients who were claustro-
phobic were examined under general anesthesia. In the control
group, no attempt was made to minimize examination time or
streamline the acquisition protocol beyond institutional stan-
dard, since patients were chosen for their closely corresponding
clinical indications to the study group.

Qualitative image analysis

Two board-certified senior radiologists (J.M.M. and A.N.P.)
with more than 5 years of experience independently reviewed
anonymized and randomized CEMRA images with no access to
comparative imaging. Dynamic GEMRA images or steady-state
f-FEMRA images were evaluated for each patient together with
volume-rendered reformatted images and maximum intensity
projection (MIP) reconstructions when available. The reviewers
were aware of the imaging indication for each study. Studies were
scored for confidence in diagnosis (1 = no confidence, 2 = low
confidence, 3 = moderate confidence, 4 = high confidence, 5 =
veryhigh confidence). The images were scored for motion arte-
fact (1 = severe motion artefact (non-diagnostic), 2 = moderate-
severe motion artefact (diagnostic), 3 = moderate motion
artefact (diagnostic), 4 = mild motion artefact (diagnostic), 5
= no motion artefact (diagnostic)). Finally, the reviewers indi-
cated whether they would recommend additional imaging for
complete assessment (yes or no). The reviewers further evalu-
ated overall image quality with respect to arteries and veins on a
5-point scale (1 = Vessels not visualized or assessable due to non-
diagnostic image quality, 2 = Vessels visualized, but size/patency)
cannot be assessed with confidence, 3 = Vessels defined but only
size/patency are confidently assessable, 4 = Vessels well defined
and segments evaluable for structural pathology with high confi-
dence, 5 = Vessels have excellent definition with sharp borders
and fine detail evaluable with high confidence).

Quantitative image analysis

The arterial and venous signal-to-noise ratio (SNR) and contrast-
to-noise ratio (CNR) were measured by a single reviewer (T.Y.)
on steady-state f-FEMRA images and on both arterial and venous
phases of the GEMRA studies. Circular regions of interest were
drawn in the inferior vena cava (IVC), abdominal aorta, adjacent
liver and in non-anatomic background (air). The SNR was calcu-
lated by dividing the signal intensity of the IVC or aorta by the
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Table 1. Patient Characteristics

Shahrouki et a/

fFEMRA (n=13) GEMRA (n =13) Pvalue
Female sex* 6(43) 6 (43)
Age range (y) 11-84 10-85
Mean age (y) 50.38 (25.19) 48.77 (25.39) 0.87
Pre-MRI creatinine (mg/dL) 3.90 (3.13) 0.73 (0.32) <0.01
Chronic Kidney Disease 12 (92) 1(8)
Acute Kidney Injury 2(15) 1(8)

Data are absolute values with percentages in parenthesis

2Data are mean with standard deviation in parenthesis -FEMRA: focused feruxomytol-enhanced MR angiography, GEMRA: gadolinium-enhanced

MR angiography (gadobenate dimeglumine)

standard deviation of the background (noise) and the CNR was
calculated by dividing the difference in signal intensity between
the IVC or aorta and adjacent tissue by the noise.

Clinical parameters

Retrospective analysis of the patient MRI and electronic medical
record was carried out to document renal function before and
after the CEMRA studies, total number and duration of acquisi-
tions, need for additional imaging to the CEMRA studies and if
additional steps were taken to minimize claustrophobia prior to
the CEMRA study.

Statistical analysis

Continuous data are presented as means and standard devia-
tions. Categorical and dichotomous data are presented as abso-
lute values and percentages. Scan times are presented as means

Table 2. Qualitative Image Scores of -~-FEMRA and GEMRA

and ranges. Data were tested for normality using the Shapiro-
Wilk test. Intra group comparisons of SNR and CNR were made
with Wilcoxon rank-sum test for paired samples. Intergroup
comparisons of SNR and CNR were made with one-way ANOVA
with Tukey correction. Comparisons between qualitative image
scores and creatinine values were made with two-tailed ¢ tests.
Interobserver agreement was determined with Gwets AC1
statistic due to higher interobserver agreement than x value and
constant ral‘[ing,10 and was assessed as: 0.00-0.20, poor; 0.21-
0.40, fair; 0.41-0.60, moderate; 0.61-0.80, good; 0.81-1.00, very
good. Statistical analysis was performed by using SPSS software
(version 25.0; SPSS, Chicago; I1). Differences with <i>p-values <
0.05 were considered statistically significant.

Qualitative Scoring Parameter Average* Observer 1* Observer 2* Interobserver agreement (AC1 value)®
Diagnostic confidence 0.49 (0.28,0.71)
f-FEMRA 4.85(0.24) 5.00 (0) 4.69 (0.48)
GEMRA 4.69 (0.25) 5.00 (0) 4.38 (0.51)
Pvalue 0.125 N/Ab 0.125
Arterial Image Quality 0.26 (0.05, 0.47)
FFEMRA 4.62 (0.42) 4.92(0.28) 4.31 (0.48)
GEMRA 4.65 (0.24) 5.00 (0) 4.31(0.63)
Pvalue 0.78 0.33 >0.99
Venous Image Quality 0.28 (0.06, 0.50)
FFEMRA 4,62 (0.42) 4.92(0.28) 4.31(0.63)
GEMRA 4.19 (0.56) 4.62 (0.65) 3.77(0.73)
Pvalue 0.04 0.13 0.05
Motion Artefact Score 0.30 (0.08, 0.51)
f-FEMRA 4.58 (0.49) 4.85 (0.38) 4.31(0.75)
GEMRA 4.58 (0.28) 5.00 (0) 4.15 (0.55)
Pvalue >0.99 0.15 0.56

Data are mean with standard deviation in parenthesis.
2Data are absolute values with confidence intervals in parenthesis.
bt-test could not be performed due to lack of variance.
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Figure 1. Comparison of image quality score. Bars represent
mean values, and error bars represent standard deviation.
f-FEMRA: focused ferumoxytol-enhanced MR angiography,
GEMRA: gadolinium-enhanced MR angiography (gadobenate
dimeglumine).

" FFEMRA = GEMRA

P=0.13 P=0.78 P=004

Diagnostic Confidence

Arterial Image Quality

Venous Image Quality

RESULTS

Of 443 consecutive FEMRA studies performed, thirteen patients
(3%) were claustrophobic (age 11 to 84 years, 6 females) and
expressed reluctance to undergo the procedure. Of these, 12
patients had renal failure (n = 12) and one had haemorrhagic
hereditary telangiectasia. Patient characteristics for both f-
FEMRA and GEMRA studies are outlined in Table 1. The average

f-FEMRA scan time was 6.27min (range 3.56 to 10.12min).
The average GEMRA scan time for single station imaging (not
determined in one patient with interspersed cardiac sequences)
measured from the initial localizer image acquisition to the end
of the ultimate MRA acquisition was 38.04min (range 27.28
to 60.46 min). The f~FEMRA acquisition was repeated in 4 (31
%) of 13 patients due to motion artefact on the first acquisition
(Supplementary Material 1). The baseline creatinine was signifi-
cantly higher in patients undergoing MRA with ferumoxytol
than GBCAs (3.90 + 3.13mgdl ™" v50.73 + 0.32mgdl™}, p < 0.01)
and there was no significant difference in the pre- and post-MRI
creatinine values for either group (p > 0.05).

Qualitative image analysis

Complete qualitative assessments are provided in Table 2. All
scans were fully diagnostic, were assessed with high confidence
(scores > 4) and image quality did not differ significantly between
f-FEMRA and GEMRA (4.86 + 0.24 vs 4.69 £ 0.25, p = 0.13). In
all 26 (100%) studies, both reviewers indicated that additional
imaging was not required to address the clinical questions. The
arterial and venous anatomy was confidently evaluated (scores >
3) in all patients. No significant difference in image quality was
observed for arterial anatomy (4.62 + 0.57 vs 4.65 + 0.49, p =
0.78), but significantly higher scores for venous anatomy on f-
FEMRA compared to GEMRA studies was observed (4.62 + 0.42
vs 4.19 £ 0.56, p = 0.04 respectively). None of the final studies
had motion artefact that impeded diagnostic assessment (scores
> 3) and there was no significant difference in artefact scores
between f-FEMRA and GEMRA (4.58 + 0.49 vs 4.58 + 0.28, p >

Figure 2. Box-whisker plot comparison of signal-to-noise ratio (SNR; A) and contrast-to-noise ratio (CNR; B) between focused
ferumoxytol-enhanced MR angiography (f-FEMRA), arterial phase and venous phase gadolinium-enhanced MR angiography
(GEMRA). Outliers were defined as 1.5 interquartile range (circles) and extreme values were defined as 3 interquartile range (stars).

IVC: inferior vena cava.
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GEMRA)

e
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345 (245 1359)

62.7 (411 - 78.5)

225 (13.2-59.0)

<0.01

P-value (IVC vs aorta)

0.09

<0.01

0.18

Data are median with interquartile range (IQR) in parenthesis.
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Figure 3. GEMRA at 3.0T (a,b,c) in a 59-year-old male with
SVC occlusion (red arrows in arterial phase MIP, a and venous
phase MIP, (b). The IVC and common iliac veins are widely
patent (white arrows in venous phase MIP, (c). Separate injec-
tions of gadodiamide were used for upper and lower stations
and total examination time for multiphase GEMRA was more
than 40 min. Two station 3.0T ~~-FEMRA (d,e,f) in a 61-year-old
male shows SVC occlusion (red arrow in 3a, MIP), right sub-
clavian stenosis (white arrow in 3d and 3f) and widely patent
transplant renal artery and vein (green arrows 3e and 3f). 3f
is a colour rendered e-FOV image derived from a combined
two-station acquisition. The total examination time for the f-
FEMRA was 7min and four seconds.

0.99). Figure 1 summarizes the comparison of the image quality
scores between f~FEMRA and GEMRA.

The interobserver agreement was moderate for diagnostic confi-
dence (AC1 = 0.49, 95% CI: 0.28, 0.71) and fair for arterial image
quality (AC1 = 0.26, 95% CI: 0.05, 0.47), venous image quality
(AC1 =0.28,95% CI: 0.06, 0.50) and motion artefact score (AC1
=0.30, 95% CI: 0.08, 0.51).

Quantitative image analysis

Comparison of the SNR and CNR for steady-state f-FEMRA
and GEMRA is presented in Figure 2. The SNR and CNR of the
IVC show a significant increase from the arterial to the venous
phase of GEMRA (p < 0.01 for both) signifying time-dependent
venous enhancement. The SNR of the aorta on GEMRA shows a
trend toward decreased signal intensity from the arterial to the
venous phase (p = 0.08) and the CNR of the aorta shows a signif-
icant decrease (p < 0.01) over the same time interval, signifying
time-dependent arterial enhancement. The f-FEMRA in steady-
state had noninferior SNR and CNR of the aorta compared to
both GEMRA in the arterial (p = 0.56and 0.93 respectively) and
venous (p = 0.37and 0.15 respectively) phases. The CNR of the
IVC for f-FEMRA in steady-state was significantly higher than

Shahrouki et a/

Figure 4. Two pediatric patients with suspected central
venous occlusion. Single-station 3.0T f~FEMRA (a) in an
TN-year-old male without anesthesia shows right innominate
vein occlusion (red arrows). The FEMRA acquisition was
repeated four times due to motion artifacts before the final
satisfactory set was acquired, such that the total examination
time was 10min and 12sec. Single-station 3.0T GEMRA (b)
carried out in a 10-year-old female under full anesthesia (b)
showed widely patent veins, with uniformly high signal in the
IVC in both studies (green arrows).

both arterial and venous phases of GEMRA (p < 0.0l1and p =
0.04 respectively).

On f~FEMRA images, there was no significant difference in SNR
or CNR of the aorta and IVC (p = 0.09 for both), suggesting
uniform distribution of contrast within the arterial and venous
vascular beds.

Figures 3-6 exemplify image quality and contrast enhancement
achieved with ferumoxytol- and gadolinium-enhanced MRAs.

Figure 5. Five sequential ~-FEMRA acquisitions were carried
out in the 11-year-old male from Figure 3. Three representa-
tive f~FEMRA images (a-c) show progressively better vessel
border definition (red arrows) due to increasing compliance
with breath hold instructions. There are ghost artifacts due to
motion (green arrows) in a and b) that are absent in the final
acquisition.
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Figure 6. Single station, two-phase GEMRA in an 85year old female with an 8cm fusiform aneurysm of the distal thoracic aorta
(cursor on MIP of arterial phase, 6a and venous phase, 6b), associated with mural thrombus (red arrows in a,b). Examination time
was 24 min and 15sec. f~-FEMRA (6¢,d,e) in an 84 year-old female with 9.5cm fusiform thoraco-abdominal aortic aneurysm with
mural thrombus (cursor on MIP image, 6d). Color volume rendering (6c¢, (e) highlights the perfused lumen throughout the aorta

and iliac arteries. Examination time was 7 min and 45sec.

Clinical outcomes

Supplemental imaging beyond CEMRA was carried out in two
patients with f~FEMRA and two patients with GEMRA at the
request of the referring physician. In one patient, ultrasound
was requested following f~FEMRA in a patient with suspected
central venous occlusion after a radiology trainee’s initial read
(Figure 5). Uncertainty was resolved by the faculty radiologist
on service and corresponded fully with the ultrasound find-
ings. In a second patient, non-contrast CTA followed f~-FEMRA
to determine the extent of aortic calcification in a patient with
suspected pseudo renal artery stenosis (Figure 7). One patient
with GEMRA required complementary imaging with contrast-
enhanced CTA in the setting of pre-procedural planning for an
aortic aneurysm. Right heart catheterization complemented the
second patient’s GEMRA with suspected severe aortic stenosis to
help in pre-operative planning. Two of the patients undergoing
GBCA-MRA were claustrophobic and required anesthesia. None
of the patients undergoing FEMRA required anesthesia.

DISCUSSION

The results of our study show that, using focused acquisition
during the steady state distribution of ferumoxytol, compre-
hensive vascular imaging of the thorax, abdomen and pelvis
can be completed in as little as 4 min in the scanner bore. The
stable vascular signal due to ferumoxytol allowed for extended
field of view imaging in multiple stations and, even with
repeated acquisitions, the longest period within the scanner
bore was 10 min.

Compared to GEMRA, f-FEMRA provided non-inferior
vascular image quality, confidence in diagnosis and motion
artefact score. Moreover, the venous image quality was
higher in f-FEMRA than GEMRA, consistent with the higher
measured CNR in the IVC on f~FEMRA compared to venous
phase GEMRA. e-FOV reconstruction by combining multista-
tion acquisitions is trivial with ferumoxytol, whereas it is often
challenging with GEMRA due to dynamic changes in contrast
concentration.'' e-FOV imaging with f-FEMRA allowed for
confident pre-surgical planning in patients with aortic disease
whereas GEMRA required additional imaging in two patients,
suggesting that FEMRA may be superior to GEMRA for certain

applications. The value of FEMRA for pre-operative planning
of TAVR has previously been demonstrated in patients with
severe aortic stenosis.'>"?

The implications of our findings for imaging patients who are
claustrophobic, anxious, distressed or in discomfort are signif-
icant. FEMRA in the steady state eliminates the requirement
for first pass imaging and bolus timing, without undermining
diagnostic quality in the chest, abdomen and pelvis, where
differentiation of arterial and venous anatomy is straightfor-
ward.'*""7 For imaging the lower extremity or intracranial
vessels, arterial-venous separation can be more problematic
and the optimal approach to using ferumoxytol for these terri-
tories remains to be determined.'®”

The prevalence of claustrophobia in our FEMRA cohort was
found to be 3%, which is on the same order of magnitude as
previously reported.! The overall negative impact of lengthy
MRI scans may be underestimated however, as the popula-
tion analyzed for our quoted prevalence does not account
for patients who may have refused completely to undergo
conventional MRI and were not offered f-FEMRA. Further,
the spectrum of anxiety related to MR imaging was not specif-
ically addressed, which may or may not affect image quality
but does affect the patient experience. Although not required
in our study patients, the steady-state distribution of feru-
moxytol would allow patients to take breaks from being inside
the scanner bore and go back in for short periods to complete
a study. It is known that the perception of not being able to
exit the MR scanner aggravates claustrophobia,”” suggesting
that patients may comply with a staggered approach of short
periods rather than a prolonged, uninterrupted series of
acquisitions, where anxiety can build. With GBCAs, staggered
image acquisition is not practical without repeated contrast
injection. The stable MR signal during steady-state distribu-
tion of ferumoxytol ensures consistent vascular enhancement.
Among current commercially available MRI contrast agents,
these are unique attributes of ferumoxytol.

Several limitations of our study need to be addressed. The
f-FEMRA protocol was carried out in a small cohort of
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Figure 7. 79 year-old male patient with renal impairment and
abdominal bruit. MIP of non-contrast CT (7a) and f~-FEMRA
(7b) show severe aortic calcification (green arrows). Note
clear visualization of the perfused aortic lumen in 7b. e-FOV f-
FEMRA with color 3D volume rendering (7c,d) confirm exten-
sive distal aortic disease (green arrow in 7d), stenosis of the
right subclavian artery (yellow arrow in 7d) and an enlarged
inferior mesenteric artery forming an Arc of Riolan (white
arrow in 7d). Occlusion of the proximal superior mesenteric
artery is highlighted in 7e,f (arrows). Examination time for
f-FEMRA was 6 min and 46 sec.

claustrophobic patients with relative contraindications to
gadolinium or iodinated contrast. Our study, however, was
designed to address the feasibility and practicality of a trun-
cated imaging protocol as applied to patients with claustro-
phobia, and our findings provide strong preliminary evidence
that our approach is likely to be generalizable. Larger patient
studies will be required to establish the more general validity
of our hypothesis.

Another limitation is that only gadobenate dimeglumine was
used as a GBCA in the control group, reflecting local insti-
tutional practice. However, multiple studies have shown
the noninferior properties of gadobenate dimeglumine in
thoracic, abdominal and pelvic MRA when compared to other

Shahrouki et a/

extracellular GBCAs*"** and thus it serves as a reasonable
representative of currently available GBCAs. The GBCA gado-
fosveset (previously marketed as Ablavar, Lantheus Medical,
Billerica, MA) had a longer intravascular half-life than the
purely extracellular agents, but it is no longer marketed in the
US.? Ferumoxytol, therefore, is the only remaining intravas-
cular MRI contrast agent clinically available for off-label diag-
nostic use and the spectrum of clinical applications specific
to a true intravascular agent is now focused squarely on its
domain.

In clinical therapy trials, ferumoxytol was administered as a
rapid (30 mg/sec) bolus, delivering 500 mg over 17 sec. At this
dose and rate, the reported serious adverse event rate was
0.2%.%* Ferumoxytol was approved for bolus therapeutic use
from 2009 to 2015. In March, 2015, based on postmarketing
reports, the FDA issued a black box warning about potential
hypersensitivity reactions and withdrew approval for bolus
administration.”> Updated FDA guidelines now require slow
intravenous infusion, similar to the other intravenous iron
therapy agents. Following satisfactory supplemental safety
trials by the manufacturer (AMAG, MA) in January, 2018,
the FDA expanded the approval for ferumoxytol therapy to
include patients without renal impairment who are intolerant
of oral iron or in whom oral iron is ineffective.?®

We found no adverse events in our study and multiple single-
center and a single multi center study have found a very low
incidence of severe adverse events with the diagnostic use of
ferumoxytol.”?*

As confirmed in our study, the vascular signal during the steady
state distribution of ferumoxytol is independent of both the
speed of injection and the time between injection and image
acquisition, in keeping with recent reports.”’ Therefore, injec-
tion protocols can be fully compatible with updated FDA safety
guidelines that recommend slow infusion, without compro-
mising image quality.”

CONCLUSION

In conclusion, we implemented a focused approach to
vascular imaging with ferumoxytol in patients with claus-
trophobia, limiting time in the magnet bore to 10 min or
less, while acquiring fully diagnostic images of the thorax,
abdomen and pelvis. The implications for workflow effi-
ciency and clinical impact for patients needing MR angiog-
raphy are significant.
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